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Abstract

A first Elliptically PolarizingUndulator (EPU) hasbeen
commissionedat the AdvancedLight Source(ALS) at
LawrenceBerkeley National Laboratory. This undulator
hasa period lengthof 5 cm and is usedmainly for mag-
netic spectroscopy experimentsin a photonenergy range
from about50eV upto 1.5keV. It wasdesignedto provide
four polarizationmodes:circular, elliptical, horizontaland
vertical. In additionfirst testswerecarriedout to provide
linearpolarizationwith arbitraryorientation(betweenver-
tical andhorizontal).Thefollowing sectionswill focuson
measurementsof the influencethe EPU hason the elec-
tron beam(e.g. betatrontunes,chromaticity, coupling,or-
bit) andwhich correctionmethodshave beendevelopedto
minimizethem.

1 INTRODUCTION

The commissioningof the first EPU [1] at the ALS has
beensuccessfullycompletedduringthelastyear. This un-
dulatoris apurepermanentmagnetdevice[2] with aperiod
lengthof 5 cmanda lengthof 1.85m andprovidesfull po-
larization control [3] (seeFig. 1). User operationof the
EPUstartedearlythis year.

Figure1: Measuredlinearandcircularpolarizationof the
light emittedfrom theEPU.

Similar to all the otherundulatorsat the ALS the users
have completefreedomto changethe gapof the EPU to
�
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Table1: Nominalparametersof theALS [4] andtheEPU.
Parameter Description�

Beamenergy 1.5–1.9GeV�
Undulatorlength 1.85m� � �
Undulatorperiod 5 cm	 
�� 

minimumgap 14.9mm	 �
full vacuumaperture 9 mm���
hor. betafunction 12 m���
vert. betafunction 4 m

producephotonsof differentenergies.In additiontheusers
areallowed to shift two opposinghalves(onehalf of the
upperandonehalf of the lower poles)longitudinally for
controlof thepolarizationmode(seeFig. 2).

Figure2: Arrangementof thepermanentmagnetblocksfor
theEPUat theALS.

In order to make optimum useof the limited insertion
straightspaceavailableat theALS theEPUoccupiesonly
half a straight and is build into a chicanearrangement
which separatesthebeamaxesfrom the two half straights
by 2.5 mrad (seeFig. 3). In order to allow a maximum
numberof independentexperiments,polarizationswitch-
ing is performedby mechanicallychangingthe shift pa-
rameterof the undulator, in contrastto the conceptused
at BESSY II, wherepolarizationchangesare realizedby
switchingbetweenthelight comingfrom two EPUsat op-
positepolarizationsettings. To reducesystematicerrors
resultingfrom the polarizationswitching the EPU at the
ALS providesthecapabilityto changetheshift parameter
fairly fast.Themaximumspeedis 16.7mm/sresultingin a
changefrom left to right circularpolarizationin about1.6s.

2 ORBIT DISTORTIONS

Changingthe geometryand thereforethe field strength
andfield configurationof the magneticfield of the device



Figure 3: Sketchof the magnetarrangementin the EPU
straight.

alsochangesthe (residual)field integralsresultingin un-
correctedclosedorbit excursionsof several hundred��� .
Thereforethemainfocussofarwasput on restoringa rea-
sonableorbit stability (like for all otherinsertiondevices).
A feed forward algorithmwasdevelopedusinga two di-
mensionaltable(seeFig. 4). As correctionelements,two
storagering correctormagnetswith verylow hysteresisand
a bandwidthof about100 Hz areused(seeFig. 3). The
high speedwith which theshift parametercanbechanged
providesmany challengesto thefeedforwardsystem.
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Figure4: Two dimensionalfeedforwardtableusedfor or-
bit compensationof theEPU(2 of the4 correctorsusedare
plotted).

2.1 Fast, Local Feed Forward System

A changein polarizationdirectionchangesthe field inte-
gralsof theEPUby aboutthesameamountaschangingthe
gapfrom fully opento fully closed.Thereforetheoriginal
orbit feed forward systemwhich is similar to the onesat
theotherundulatorsturnedout to betoo slow. Thereason
wasthattheshift parameteris notmeasuredwith sufficient
bandwidthandthattheactualcontrolloopincludedseveral
network connectionsandcomputers.

In orderto determinewhethertheconceptof a feedfor-
wardsystemcouldbepreservedor whetherafeedbacksys-
temwouldbeneeded,theeffectof eddycurrentswasmea-

Figure5: Principlesketchof the new, local feedforward
system.
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Figure6: Orbit distortionwith thefast,local feedforward
systemat 1.9 GeV, 14.9mm gapanda 12 mm/sspeedof
shift parameterchange.

sured. Fortunately, it turnedout to be very small, even at
maximumspeed.Thereforea new local feedforwardsys-
tem with about200 Hz bandwidthwasdesignedandhas
beensuccessfullycommissioned(seeFig. 5).

With the new feed forward systemthe orbit distortion
outsidethestraightof theEPUis now well within thetoler-
ances(seeFig.6) of onetenthof abeamsize.Thepeakhor-
izontalorbit distortionin all otherinsertiondevicestraights
is below 10 ��� ( � � is about200 ��� ) andthepeakvertical
distortionis below 3 ��� ( � � is about30 ��� ).



2.2 Improved Chicane Magnet Design

A secondproblemfor theorbit stabilitywhenchangingthe
EPUgapor shift parameterarisesfrom thefactthatthechi-
canemagnetsshow asignificanthysteresis.Thereforethey
arenotsuitedto beusedin thefeedforwardsystem.Instead
two horizontalandtwo verticalcorrectorsat thebeginning
of the arcsupstreamand downstreamfrom the EPU are
used(compareFig. 3). BecausetheEPUis locatedasym-
metricallybetweenthosecorrectors,they cannotcancelthe
orbit distortionwithin the EPU straightcompletely. This
distortion can be more than20 ��� in the vertical plane.
Measurementsshowedthat for theexperimentsconducted
at themoment,theimpactis negligible. To solve theprob-
lem the designof new chicanemagnetshasbeenstarted.
On a shortertime scalea solution hasbeentestedto use
four insteadof two correctorsin eachplane.

3 TUNES, BEAMSIZE

In addition to the effects on the orbit all undulatorsalso
influencethe betatrontunes,chromaticity and emittance
coupling. In the last year this hasbeenstudiedmoreex-
tensively andsomeimmediateremedieshave beenimple-
mented. Recentlya tune feed forward systemhasbeen
commissioned,reducingtheeffect on thebeamsizefor all
undulatorsbesidestheEPUto valuesbelow theresolution
of oursynchrotronlight monitor(about1%relativevertical
beamsizechange).

Again, for severalreasonstheeffectsof theEPUarethe
most seriousones. The first reasonis that the shift pa-
rameteris frequentlychangedto changethe polarization.
This causesa distortion in the field integralsof aboutthe
samesizeaschanginganotherundulatorfrom fully open
to fully closed.In additionthehorizontalbetafunction in
theinsertiondevicestraightsis about3 timesaslargeasthe
vertical one. Thereforethe horizontaltuneshift from the
EPUdueto a changein shift parameteris very significant
(seeFig. 7). Finally the possiblespeedof shift parameter
changesis fairly high, makingslow correctionsusingthe
normallatticequadrupolesverydifficult.

To passively cure the problemseveral other ideashave
beentestedontheALS. Themostpromisingoneis alattice
with lower vertical betafunction. In first teststhis lattice
provideda lifetime comparableor betterthanthenominal
latticewithout requiringany increasedcoupling.First tests
werecarriedoutandshowedthatachangeof theEPUshift
parameterin thatcasedid not changethebeamsizeatall.

Independentof the efforts to make the operationof the
EPU moretransparentto the electronbeama new opera-
tion modehasbeentested.In this modethetwo moveable
halvesareshiftedanti-parallelinsteadof parallel.Thispro-
videslinearpolarizationof arbitraryorientation(in contrast
to thefixedhorizontalandverticallinear, elliptical andcir-
cularpolarizationonegetsin thenormalmode).Thecom-
pensationof theinfluenceon thebeamturnedout to create
noadditionalproblemsandthenew modeis now alsoavail-
ableto usersof theEPU.
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Figure7: Changein tuneandbeamsizedueto longitudinal
EPUmotion(1.9GeV, 14.9mm gap,3%coupling).

4 SUMMARY

At the ALS a first Elliptically PolarizingUndulator has
been successfullycommissioned,providing synchrotron
light in theenergy rangebetweenabout50eV and1.5keV
with full polarizationcontrol to a high resolutionspec-
troscopy beamline. In order to correct for orbit distor-
tionsarisingwhenthepolarizationdirectionis changed(in
about1.6s)atwo dimensional,fast,localfeedforwardsys-
temhasbeendevelopedandis now succefullyusedin user
operation,reducingthe (peak)orbit excursionsbelow one
tenth of the one sigmabeamsize. Additional efforts are
underway to reducethe influenceon the tunein order to
achievea betterstabilityof theverticalbeamsize.

5 ACKNOWLEDGEMENTS

The authorswould like to thankthe staff at the Advanced
Light Sourceandespeciallythepeoplein theControlsand
theElectricalEngineeringGroup,whohelpedrealizingthe
fastlocal feedforwardsystem:Alan Biocca,LorenShalz,
KenFowler, Al Robb,JandeVries, Al Geyer andGeorge
Anwar.

6 REFERENCES

[1] S.Marks,et al., TheAdvancedLight SourceElliptically Po-
larizingUndulator, Proc.1997PAC, Vancouver (1998)3221.

[2] S. Marks, et al., Magnetic Performanceof the Advanced
Light SourceEPU5.0Elliptically PolarizingUndulator, Proc.
1999PAC, New York (1998)162.

[3] S. Sasaki,Analysesfor a planarvariably-polarizingundula-
tor, Nucl. Instr. andMeth.A347 (1994)83.

[4] 1-2 GeV SynchrotronRadiationSourceConceptualDesign
Report,LBNL publicationPUB-5172 Rev. (1986)


